We show that the spin asymmetry in semi-inclusive deep inelastic scattering between a longitudinally polarized lepton beam and a transversely polarized proton target is sensitive to the proton transversity function. The asymmetry, which is twist 3, is estimated to be more than 10% under the most favourable conditions. The experiment we suggest is feasible at facilities like DESY, CERN and JLAB.
1 , where f is the quark flavor. The single spin asymmetry is proportional to the product h f 1 (x)c f (z), where c f is the azimuthal asymmetry fragmentation function of a transversely polarized quark into a pion [4, 15] , and, as usual, x and z are the longitudinal fractional momenta, respectively, of the active quark and of the pion with respect to the fragmenting quark. As claimed by Jaffe [4] , this may become the "classic" way of determining the nucleon transversity distribution functions, provided c f (z) is known to some precision and not too small. But at present we know very little about this function [15] . Analogous considerations could be done about the method suggested by Jaffe and Ji (JJ) [16] . This method consists in measuring the double spin asymmetry in a semi-inclusive deep inelastic scattering (SIDIS) experiment of the type
where ℓ is a longitudinally polarized charged lepton and p ↑ a transversely polarized proton target. The asymmetry is defined as A(|k|; Q, ν; Π ) = dσ ↑→ − dσ ↑← dσ ↑→ + dσ ↓← .
Here, as usual, ν is the lepton energy transfer and Q 2 = −q 2 , q being the fourmomentum transfer. Furthermore k is the momentum of the initial lepton and Π the component of the final pion momentum along the momentum transfer. Lastly dσ ↑→ and dσ ↑← are the polarized differential cross sections for reaction (1) , integrated over the transverse momentum of the final pion with respect to the momentum transfer; arrows indicate the proton and lepton polarization. Asymmetry (2) contains a twist-4 term [16] which includes the product h
fragmentation function of the pion. Again, the extraction of h f 1 depends critically on an unknown function.
Alternatively, in this letter we consider the double spin asymmetry A(|k|; Q, ν; P), analogous to (2) , but where the pion momentum P is kept fixed. As we shall see, such an asymmetry -which is of the type considered by Mulders and Tangerman [17] 
As is well-known [14] , SIDIS is kinematically isomorphic to Drell-Yan. But we have shown in a previous paper [18] that the inclusive muon pair production from singly polarized proton-hadron collisions, at a fixed transverse momentum of the pair with respect to the initial beams, causes a muon polarization, which is sensitive to δq ⊥ . Therefore we expect an analogous effect in reaction (1), provided we fix the pion direction. This is indeed the case, as we shall see.
We calculate A(|k|; Q, ν; P) in the framework of a QCD-improved parton model [19] .
In the laboratory frame the differential cross section reads, in one-photon exchange approximation,
where m is the proton rest mass and L µν (H µν ) the leptonic (hadronic) tensor. dΓ, the phase space element, reads
Here k and P are, respectively, the four-momenta of the initial lepton and of the pion, whose rest mass is m π . The leptonic tensor is, in the massless approximation,
λ ℓ being the helicity of the initial lepton and k ′ = k − q the four-momentum of the final lepton. Trace calculation yields
As regards the hadronic tensor, the generalized factorization theorem [20, 21, 22] in the covariant formalism [23] yields, at zero order in the QCD coupling constant,
Here the factor 1/3 comes from color averaging in the elementary scattering process and f runs over the three light flavors (u, d, s) and antiflavors (u, d, s), e 1 = −e 4 = 2/3, e 2 = e 3 = −e 5 = −e 6 = -1/3. p and p ′ are respectively the four-momenta of the active parton before and after being struck by the virtual photon. S is the PauliLubanski (PL) four-vector of the proton. q f L is the probability density function of finding a quark (or an antiquark) in a pure spin state, whose third component along the proton polarization is L. Analogously ϕ f is the fragmentation function of a quark of four-momentum p ′ into a pion of four-momentum P . Moreover
the active parton being taken on shell and massless. Lastly the ρ's are the spin density matrices of the initial and final active parton, i. e. [18] ,
Here 2Lη is the transverse PL four-vector of the active parton, while λ is the longitudinal component of the quark spin vector. Formulae (10) are consistent with the Politzer theorem [24] in the parton model approximation. These imply, together with eq. (8) , that η does not contribute to h f µν . For later convenience we re-write this last tensor as
where
and
Here we have exploited the fact that ν is a Lorentz scalar and that in the laboratory frame S ≡ (0, S) and q ≡ (ν, q). λ can be viewed as the helicity of the proton in a frame moving along q. Now, in order to take into account the transverse momentum,
we have to adopt a frame where the proton momentum is large in comparison to m [25] . But, in this more refined approximation, we are still faced with the problem of defining λ in a Lorentz invariant way. As we are going to show, the only way to do this is to consider the Breit frame, that is, where the virtual photon has four-momentum q = (0, q B ), with |q B | = Q. In this frame the proton momentum is − q B +p ⊥ , where, as usual, x = Q 2 /(2mν) is the longitudinal fractional momentum and p ⊥ the transverse momentum with respect to q B . We decompose the proton spin vector S into a longitudinal and a transverse component, i. e.,
Moreover we carry on the integration (7) over the time and longitudinal components of p, taking the z-axis opposite to q. We get, in the light cone formalism,
where, taking into account the decomposition (14) of S, the tensor h f µν (see eq. (11)) reads [2] 
Here
and δq f (x, p 2 ⊥ ) is the t.m.d. helicity distribution function. Moreover z = (P + P 0 )/(2|p ′ |) is the longitudinal fractional momentum of the pion resulting from fragmentation of the struck parton, whose momentum is p ′ . We have defined P 0 =
Denoting by Π ⊥ the transverse momentum of the pion with respect to the photon momentum, we get
Therefore, if we keep Π ⊥ fixed, P ⊥ depends on p ⊥ . Since we want to pick up a pion resulting from fragmentation of the active quark, we pick up events such that |Π ⊥ | << |P|. Notice that, although we have chosen a particular frame -coincident with the one adopted by Feynman [26] -, the tensor (16) is covariant.
In order to calculate the asymmetry A(|k|; Q, ν; P) -defined analogously to (2), but keeping P fixed -we have to substitute the leptonic tensor (6) and the hadronic tensor (15) into the cross section (3), taking into account relations (16) and (17) . The result is
Here we have introduced the quantities
Below we shall explain the presence of the scalar product Π ⊥ · S at the left side of eq.
(23) and we shall show that δQ f is twist 3. Since the products k + k ′ − and k − k ′ + are invariant under boosts along the z-axis, we calculate them in the laboratory frame, where, in the massless approximation,
Here k ′ = k − q is the final lepton momentum. Moreover β and θ are, respectively, the angle between k and q and between k and k ′ :
Now we consider the scaling limit, i. e., Q 2 → ∞, ν → ∞,
, θ tends to zero in that limit, as well as β:
Then the second eq. (19) and eq. (13) yield, respectively,
where φ is the azimuthal angle between the (k, k ′ ) plane and the (k, S) plane. Therefore δQ f , eq. (22), is twist 3, as follows from the second eq. (27) and from the first eq. (26) . But also the second term of eq. (21) is twist 3, as is immediate to check.
Therefore our asymmetry is twist 3. Some remarks are in order.
(i) Invariance of strong interactions under parity and time reversal, together with a rotation by π around the proton momentum, implies
Therefore the second term of eq. (21) vanishes either if we set Π ⊥ = 0 or if we integrate over Π ⊥ . The former property explains the presence of the factor Π ⊥ · S at the l.h.s.
of eq. (23) . From this we deduce that, in order to maximize our asymmetry, it is most convenient to take the vector Π ⊥ parallel to or opposite to S, that is, to select pions whose momenta lie in the (q, S) plane. On the other hand, integrating over Π ⊥ , δQ 
Eq. (29) and the first eq. (27) suggest that the asymmetry is largest for y and z as close as possible to 1. Under such conditions, and setting |Π ⊥ | ≃ 1 GeV and Q = 2.5 GeV , we have A ∼ 0.4R, where R = h f 1 (x)/q f (x) has been determined by HERMES [12] , |R| = (50 ± 30)%.
To conclude, we have suggested a SIDIS experiment, using a longitudinally polarized lepton and a transversely polarized proton, and detecting a pion in the final state, at a not too large angle with q. This experiment yields a double spin asymmetry sensitive to h 1 through δq f ⊥ , while the other functions involved in the asymmetry can be parametrized in a well defined way. For reasonable values of Q 2 (4 to 10 GeV 2 ), and under the most favourable kinematic conditions (lepton scattering planes nearly orthogonal to S and pions whose momenta lie near the (q, S) plane), the order of magnitude of the asymmetry is estimated to be at least ∼ 10%. The suggested experiment could be performed at facilities like CERN (COMPASS coll.), DESY (HERMES coll.) or Jefferson Lab., where similar asymmetry measurements are being realized or planned.
